Mothers in numerous species exhibit heightened aggression in defense of their young. This shift typically coincides with the duration of lactation in nonhuman mammals, which suggests that human mothers may display similarly accentuated aggressiveness while breast feeding. Here we report the first behavioral evidence for heightened aggression in lactating humans. Breast-feeding mothers inflicted louder and longer punitive sound bursts on unduly aggressive confederates than did formula-feeding mothers or women who had never been pregnant. Maternal aggression in other mammals is thought to be facilitated by the buffering effect of lactation on stress responses. Consistent with the animal literature, our results showed that while lactating women were aggressing, they exhibited lower systolic blood pressure than did formula-feeding or neverpregnant women while they were aggressing. Mediation analyses indicated that reduced arousal during lactation may disinhibit female aggression. Together, our results highlight the contributions of breast feeding to both protecting infants and buffering maternal stress.
1988). Similar upsurges of aggression during the course of lactation have been observed in rats and mice (Lonstein & Gammie, 2002) , prairie voles (Ylänen & Horne, 2002) , hamsters (Giordano, Siegel, & Rosenblatt, 1984) , lions (Grinnell & McComb, 1996) , deer (Smith, 1987) , domestic cats (Schneirla, Rosenblatt, & Tobach, 1963) , rabbits (Ross, Sawin, Zarrow, & Denenberg, 1963) , squirrels (J. C. Taylor, 1966) , and domestic sheep (Hersher, Richmond, & Moore, 1963) . Several studies of rodents have shown maternal defense to be integral to the survival of young (Heise & Lippke, 1997; Ylänen & Horne, 2002) . In animal species, mothers' aggressive behaviors typically are manifest when agents deemed threatening approach the nesting site or behave in potentially dangerous ways toward the mother or infant.
Although research has demonstrated the prevalence and adaptive significance of heightened aggression during lactation in other mammals, the topic remains virtually unexplored in humans. Two studies, however, have found heightened self-reported hostility among mothers 5 days after parturition (Ledesma, de Luis, Montejo, Llorca, & Perez-Urdaniz, 1988; Mastrogiacomo et al., 1983) , suggesting that maternal defense may indeed extend to humans. In the behavioral study reported here, we investigated whether there is an increase in aggression in mothers postpartum and, if so, whether this increased aggression is linked to breast feeding.
Previous research in rodents indicates that lactation enables heightened defensive aggression by dampening fear. Researchers have suggested that lactation is accompanied by a downregulation of the stress response because aggressive tendencies normally curtailed by fear are disinhibited (Gammie, D'Anne, Lee, & Stevenson, 2008; Hansen & Ferreira, 1986; Hansen, Ferreira, & Selart, 1985) . Numerous studies of both lactating rodents and lactating human mothers have found that they exhibit lower physiological arousal, via greater parasympathetic control, in response to a variety of stressors (for a review, see Mezzacappa, 2004) . Fear constrains aggression, thereby typically inducing flight or freezing behaviors instead of fighting behaviors (Boccia & Pedersen, 2001; Erskine, Barfield, & Goldman, 1978; Maestripieri & D'Amato, 1991) . Extrapolating from the animal literature, we predicted that lactating women would exhibit lower levels of arousal during an aggressive encounter than would nonlactating women, and that arousal and aggression would be inversely correlated.
Method
We recruited 20 exclusively breast-feeding and 20 formula-feeding mothers (10 nonlactating and 10 mixed-feeding mothers) with infants between 3 and 6 months old. Mothers were recruited via telephone from the Utah County birth records. Mothers in the breast-feeding group had exclusively breast-fed since giving birth. The formula-feeding group included both entirely nonlactating mothers and those who fed with both formula and breast milk (mixed feeding). The mixed-feeding mothers were instructed to abstain from breast feeding for at least 12 hr prior to their experimental session. Mothers received $20 in compensation for participation in this study. In addition, 20 undergraduate women who had never given birth (nulliparous women) were recruited in exchange for course credit. After withdrawals resulting from infant distress (n = 3) and women's suspicion during the aggression paradigm (n = 3), the final sample consisted of 18 exclusively breast-feeding mothers, 17 formulafeeding mothers (10 nonlactating and 7 mixed-feeding mothers), and 19 nulliparous women. The women were predominantly from middle-class backgrounds (90% Caucasian, 3% Asian, 4% American Indian, and 3% Latina/Hispanic; see Table 1 for means and standard deviations of demographic characteristics). Two participants declined the blood pressure (BP) measure, and 1 participant's data were lost because of an equipment malfunction; complete BP samples were available for 17 exclusively breast-feeding mothers, 16 formulafeeding mothers (10 nonlactating and 6 mixed-feeding mothers), and 18 nulliparous women.
Before the testing session, participants were sent an online survey asking about their infants' feeding habits (e.g., percentage of the diet consisting of breast milk), as well as the participants' personality, relationships, and household income. In the testing session, we measured aggression and BP. To determine whether the time elapsed since breast feeding influences aggression, we asked each participant to complete the aggression paradigm (see details in the next section) both before and after a feeding period; this procedure allowed us to make within-subjects comparisons. During the feeding period, exclusively breast-feeding mothers breast-fed their infants, nonlactating and mixed-feeding mothers fed their infants formula, and nulliparous women were given a 10-min break.
Behavioral measure of aggression
To obtain a behavioral measure of aggression, we had participants follow a paradigm that has been validated as a measure of physical aggression (Bushman, 2002) . First, each participant met a female confederate who posed as a fellow research participant and was an ostensible opponent in a competitive reaction time task. The rules of the contest and reaction time task were explained to both the participant and the confederate during a training period. Then the subject and the confederate were taken into separate rooms, where they would supposedly compete via linked computer terminals. The ersatz competition consisted of a dot-probe task (Pourtois, Grandjean, Sander, & Vuilleumier, 2004) . Participants were told that the winner of each round (i.e., the competitor who responded more quickly) would choose the volume and duration of an aversive sound burst administered to the loser. In actuality, participants interacted with a standardized computer program that presented the same pattern of wins, losses, and sound bursts to each participant.
Aggression was operationalized as the average volume and duration of sound bursts chosen by participants during the confrontation. The prefeeding and postfeeding confrontations were each composed of eight rounds. Participants chose the sound-burst volume before each round began and controlled the duration of sound after rounds they "won" by depressing a red button for a maximum of 5 s (i.e., the sound was supposedly administered for as long as they held down the button within the 5-s window). Duration scores were then converted from milliseconds into continuous scores ranging from 0 to 10. Volume levels ranged from a minimum of 60 dB (Level 1) to a maximum of 105 dB (Level 10). A silent setting (Level 0) was also available. Volume and duration scores were highly correlated with each other (r = . 89, p < .001) and were therefore averaged to create a more reliable aggression measure (see Bushman, 2002) . Regardless of who won a given round, participants were shown the volume their competitor had ostensibly chosen. The volume and duration patterns presented were equivalently aggressive during the prefeeding and post-feeding confrontations.
Three female research assistants acted as confederates. Pilot testing revealed that the unduly aggressive sound bursts were not believable unless the confederate appeared rude during the initial meeting with a participant. Therefore, confederates were trained to ignore participants, chew gum, and check their cell phones for 20 s while the experimenter spoke during the training period. The program Inquisit (Version 3.0.1.0; Millisecond Software Co., Seattle, WA) was used to present all stimuli.
Measures of autonomic reactivity
Measures of BP were taken three times during a 10-min baseline period before the confrontation (at 5 min, 8 min 30 s, and 10 min) and three times during both the prefeeding and the postfeeding confrontations (at 30 s, 3 min, and 6 min). The three readings for each epoch were then averaged to increase reliability (Kamarck, Debsk, & Manuck, 1992) . A Dinamap Model Pro 100 monitor (Critikon Corp., Tampa, FL) was used to measure BP.
Self-reported trait aggression
An aggression questionnaire (Buss & Perry, 1992) was included in the initial online surveys so that we could rule out the possibility that self-selecting factors somehow lead women with more aggressive dispositions to breast-feed and less aggressive women to feed their infants formula. This 29-item scale assesses the cognitive, affective, and behavioral aspects of trait aggression and includes subscale measures of Anger, Hostility, Physical Aggression, and Verbal Aggression. Confirmatory factor analyses have provided support for the dimensional structure of this scale (Buss & Perry, 1992) . Further, the retest reliability for this questionnaire over 9 weeks is satisfactory (correlations range from .72 for Anger to .80 for Physical Aggression and for the total score; Buss & Perry, 1992) , which means that this scale taps a relatively stable trait. The Cronbach's alpha for the scale as a whole was .88. The Cronbach's alphas for the subscales were as follows-Anger: α = .76; Hostility; α = . 77; Physical Aggression: α =.68; and Verbal Aggression: α =.77.
Results

Preliminary analyses
Analyses of variance revealed that the three groups differed in age, income, employment status, and romantic-relationship status (single/not dating/no boyfriend, dating/boyfriend, cohabitating with partner, engaged, or married; Table 1 ). Therefore, we conducted a linear regression to identify potential predictors of aggression. The model indicated that having a more committed romantic partner (β = −0.39, p < .025) or having a higher income (β = −0.35, p < .05) diminished aggression; these variables were therefore entered as covariates into the subsequent aggression analyses. The three groups did not differ on self-reported trait aggression or on any of the aggression subscales, so these scores were not included as covariates in the analysis predicting aggressive behavior. Further, the breast-feeding and formula-feeding mothers did not differ in the ages of their infants or the number of children they had (see Table 1 ).
Preliminary linear regression analyses identified only romantic-relationship status as an important contributor to both systolic BP (SBP; β = 0.37, p < .05) and diastolic BP (DBP; β = 0.46, p < .05). Therefore, relationship status was entered as a covariate in all BP analyses.
All statistical tests reported are two-tailed. Means and standard deviations reported are adjusted for covariates unless otherwise noted.
Primary analyses
To determine whether exclusively breast-feeding mothers were more aggressive than formula-feeding mothers or nulliparous women, and to identify what role, if any, time elapsed since feeding had on aggression, we performed a repeated measures analysis of covariance (ANCOVA). This test revealed a significant difference in aggression levels across the three groups of women, F = (2, 51) = 6.72, p < .005, η 2 = .17 (Fig. 1) . As predicted, planned contrasts revealed that exclusively breast-feeding mothers (M = 5.6, SD = 2.3) were more aggressive than either formula-feeding mothers (M = 3.6, SD = 2.3, p < . 01) or nulliparous women (M = 2.8, SD = 2.9, p < .01). Nulliparous women and formulafeeding mothers did not differ in aggression levels (p = .46). These results suggest that it is lactation, and not motherhood or other changes related to pregnancy, that promotes heightened postpartum aggression in humans. Across groups, there was no difference between aggression levels before versus after the feeding period (a rest period for nonmothers), F(1, 52) = 0.44, p = 0.70, η 2 < .001. Similarly, the interaction between the time of aggression measurement (prefeeding vs. postfeeding) and group was not significant, F(4, 49) = 0.53, p = .72, η 2 = .021; aggression levels neither went up nor went down directly after breast feeding or formula feeding. Consequently, prefeeding and postfeeding aggression scores were collapsed into an average aggression score for each participant in all subsequent aggression analyses.
Follow-up analyses were conducted to test whether the two subtypes of formula-feeding mothers (nonlactating, n = 10, and mixed feeding, n = 7) both differed from exclusively breast-feeding mothers (n = 18) in level of aggression. If lactation influences aggression in humans, then exclusively breast-feeding mothers should be more aggressive than nonlactating mothers, and mixed-feeding mothers' scores should fall between the scores of the two other groups. As predicted, the mean aggression level of the exclusively breastfeeding women was the highest (M = 4.9, SD = 2.0), followed by the level of the mixedfeeding women (M = 3.0, SD = 2.1), and then the level of the nonlactating mothers (M = 2.6, SD = 2.0).1 An ANCOVA with planned contrasts revealed a significant difference across groups, F(2, 32) = 4.75, p < .02, η 2 = .21. Exclusively breast-feeding mothers were significantly more aggressive than both mixed-feeding (p < .05) and nonlactating (p < .01) mothers. There was not a significant difference between mixed-feeding and nonlactating mothers' aggression (p = .75). Further analyses revealed a significant correlation between the percentage of the infant's diet that was made up by breast milk among lactating women and how much aggression they displayed during the experiment (r = .42, p < .05).
Another aim of this study was to test whether lactation would dampen autonomic arousal during an aggressive encounter and whether low arousal would correlate with increased aggression. To assess whether lactation dampened stress responsiveness to the aggressive confrontation, we performed separate repeated measures ANCOVAs on SBP and DBP. Across groups, there was a significant increase in BP from baseline to the confrontations-SBP: F(1, 49) = 89.07, p < .001, η 2 = .58; DBP: F(1, 49) = 48.30, p < .001, η 2 = .45. Thus, the aggressive encounters were somewhat stressful, as we intended.
At baseline, exclusively breast-feeding mothers had lower SBP (M = 97.6 mmHg, SD = 6.6) than formula-feeding mothers (M = 102.4 mmHg, SD = 7.1), F(2, 47) = −4.8, p < .05. There were no other significant differences in BP at baseline. Exclusively breast-feeding women's change in BP from baseline to the confrontations (SBP: M = 53.8 mmHg, SD = 8.3; DBP: M = 32.7 mmHg, SD = 6.4) tended to be smaller than the BP change of nulliparous women (SBP: M = 63.2 mmHg, SD = 10.2, p < .05; DBP: M = 39.5 mmHg, SD = 8.1, p < .05) and formula-feeding women (SBP: M = 58.1 mmHg, SD = 8.4, p < .10; DBP: M = 34.6 mmHg, SD = 6.4, p = .35).
There was a significant difference in BP during the confrontations as a function of group-SBP: F(2, 47) = 3.7, p < .05, η 2 = .13; DBP: F(2, 47) = 3.46, p < .05, η 2 = .11. As predicted, exclusively breast-feeding mothers had lower SBP during the confrontations (M = 151.6 mmHg, SD = 12.2) than did both formula-feeding women (M = 160.6 mmHg, SD = 12.1, p < .05) and nulliparous women (M = 162.8 mmHg, SD = 15.0, p < .05; Fig. 2a ). Exclusively breast-feeding mothers also had lower DBP (M = 94.0 mmHg, SD = 9.4) than did nulliparous women (M = 104.1 mmHg, SD = 11.7, p < .05) and formula-feeding women (M = 100.49 mmHg, SD = 16.8, p < .05) during the aggressive encounters (see Fig. 2b ). Further, 1 The adjusted marginal means differ from those presented in the previous analysis because they were adjusted for income but not relationship status because all the mothers in our sample were married, and because nulliparous women were not included in this second analysis. The raw means of aggression for all groups were as follows: breast-feeding mothers (M = 4.8, SD = 1.6), formulafeeding group as a whole (M = 2.8, SD = 2.4), mixed-feeding subset of formula-feeding mothers (M = 3.3, SD = 2.8), exclusively formula-feeding subset of formula-feeding mothers (M = 2.5, SD = 2.2), and nulliparous women (M = 4.0, SD = 2.3).
there was a significant inverse correlation between the percentage of the infant's diet that was made up by breast milk among lactating women and their SBP during the confrontations (r = −.39, p < .025). Together, these findings corroborate the role of lactation in decreasing autonomic arousal during aggressive confrontations.
To examine whether lowered autonomic arousal promoted heightened aggression, we calculated Pearson's correlations (two-tailed) between BP and aggression scores during the confrontations. Aggression was inversely correlated with SBP across groups, r(51) = −.351, p < .02), and there was a similar trend for DBP, r(51) = −.27, p < .06); women who had lower BP during the confrontations tended to be more aggressive Fig. 3 ). When this finding associating lower BP with higher aggression is coupled with our finding that exclusively breast-feeding women had lower SBP than formula-feeding (mixed-feeding and nonlactating) and nulliparous women, it appears plausible that decreased autonomic arousal (which is consistent with diminished stress) disinhibited aggressive responses in exclusively breast-feeding mothers.
Mediation analyses
We tested whether SBP during the aggressive encounters mediated the relationship between breast feeding and aggression (controlling for income and relationship status) using Preacher and Hayes's (2008) bootstrapping procedure recommended for small sample sizes. Regressions revealed that more breast feeding (0 = no breast feeding, which included nulliparous women and nonlactating mothers; 1 = mixed feeding; 2 = exclusive breast feeding) predicted both more aggression (β = 0.31, p < .05) and lower SBP (β = −0.33, p < . 05). Simultaneous regression of aggression on breast-feeding status and SBP suggested that physiological arousal mediated the effect of breast feeding on aggression. Specifically, the effect of breast-feeding status was not significant when SBP was included in the model (β = 0.21, p = .17), whereas SBP remained a significant predictor (β = −0.31, p < .05), F(4, 46) = 3.17, p < .05, R 2 = .22. A bootstrap test with 5,000 replications indicated a significant indirect effect of breast feeding on aggression via SBP (95% confidence interval = [0.02, 0.75]). These findings are consistent with the hypothesis that breast feeding increases aggressive behavior by attenuating physiological arousal.
Discussion
This study provides the first behavioral evidence of heightened aggression in breast-feeding women. Mothers who exclusively breast-fed their infants were almost twice as aggressive as formula-feeding mothers and nulliparous women. However, this study did not show mothers as a group to be more aggressive than nonmothers-formula-feeding mothers did not demonstrate more aggressive behavior than nonmothers. In addition, lactation-related decreases in autonomic stress response mediated the effect of breast feeding on aggression. Exclusively breast-feeding mothers had lower BP during the aggressive encounters relative to the other groups, and BP correlated inversely with aggressive behavior. Together, these findings suggest that in humans, as in many other mammalian species, lactating mothers are more likely to aggress against hostile conspecifics than are nonlactating mothers or nulliparous women, at least in part because they experience dampened arousal in response to stressful aggressive encounters.
In a sense, humans are born "prematurely" relative to their mammalian counterparts: Humans' large and complex brains take many years to mature, and during this time, humans face an extended period of vulnerability to hazards (Johnson, 2005) . Parental protection of children is therefore a fundamental selection pressure for humans that is likely to have promoted the evolution of mechanisms to facilitate defensive responses (Hahn-Holbrook, Holbrook, & Haselton, 2011) . The reduction in fear of aggressing that is attendant to lactation appears to be one such time-matched proximate mechanism, bolstering maternal protection at the point in the human life span when offspring are most vulnerable. We are not proposing, however, that lactation-induced aggression engenders hostile behavior indiscriminately or promotes offensive aggression directed at goals such as access to mates or social dominance. From an adaptive-functional perspective, one would not expect mothers to have evolved mechanisms that lead them to initiate potentially dangerous aggressive encounters beyond the realm of defense during the point at which their young are dependent on their mother's milk for survival (Campbell, 1999; S. E. Taylor et al., 2000) . Rather, as research from nonhuman mammals documents, lactation is likely to boost aggression primarily in contexts in which either the mother or her offspring are in jeopardy (Archer, 1988) .
Breast-feeding mothers may respond to hostile provocations with heightened aggression even when infants are not immediately present. The breast-feeding mothers in our study, for example, were more aggressive than non-breast-feeding mothers and nonmothers in the absence of a direct threat to their infants, who were in an adjacent room. This finding parallels numerous findings that rodent mothers aggress when a hostile conspecific is introduced, even when the pups are removed before the encounter (Lonstein & Gammie, 2002) . By responding more aggressively to perceived threats, whether directed specifically at infants or at themselves, lactating mothers in the ancestral past may have deterred predators and hostile conspecifics. Further research is needed to assess the impact of the proximity of infants to ostensibly hostile persons on human maternal defense. In addition, contextual factors such as the sex or relative formidability of the hostile persons, or the quality of mother-infant attachment, may influence maternal defense (Hahn-Holbrook et al., 2011) .
It remains to be seen whether the links among lactation, stress reactivity, and aggression translate into substantive differences in the well-being of children or mothers in modern industrialized societies. Conceivably, breast feeding may help mothers muster assertiveness in hostile social exchanges (e.g., with romantic partners, at work, or during recreation), some of which may directly pertain to infant welfare. Crucially, however, we are not suggesting that formula-feeding mothers or mothers with older children do not also confront hazards to defend their children, or that lactation constitutes the sole pathway through which maternal defense manifests itself. We propose only that lactation is an important pathway for promoting aggression toward hostile interlopers, and that it has this effect by reducing otherwise prohibitive levels of maternal fear.
One limitation of the current study, and any study of lactation in humans, is that we could not experimentally manipulate conception or the choice to breast-feed. Therefore, we cannot claim that lactation is the causal factor facilitating the observed increase in aggressive behavior in our sample. We were, however, able to rule out a number of alternative explanations. For instance, lactation remained an important predictor of aggression after we controlled for variables that may potentially differ as a function of infant feeding method (e.g., romantic-relationship status, age of mother, income, and work status). Nevertheless, variables such as maternal attachment could covary with both willingness to aggress and the decision to breast-feed, and must therefore be examined in further research. Future studies might also explore whether lactation-linked hormones, such as oxytocin, are responsible for the heightened aggression observed in breast-feeding women, given that oxytocin buffers BP reactivity to stress (Light et al., 2000) and has been implicated in heightened defensive aggression (see De Dreu et al., 2010) .
In conclusion, this research provides the first behavioral evidence linking lactation with heightened postpartum aggression. Moreover, our results correlating reduced autonomic reactivity with greater aggression may provide insight into female forms of aggression more generally. Further research on the mediators of heightened aggression during the lactation period may carry implications both for preventing aggression in problematic contexts and for fostering defensive aggressive behaviors that are socially desirable.
Fig. 1.
Mean aggression before and after the feeding period in the three groups of women (exclusively breast feeding, formula feeding, and nulliparous; the latter group took a break during the feeding period). Error bars represent standard errors of the mean. Mean (a) systolic blood pressure (SBP) and (b) diastolic blood pressure (DBP) during the two aggressive encounters in the three groups of women (exclusively breast feeding, formula feeding, and nulliparous). Error bars represent standard errors of the mean. Scatter plots (with best-fitting regression lines) showing the association between aggression and mean (a) systolic blood pressure (SBP) and (b) diastolic blood pressure (DBP) during the aggression paradigm. --Note: Standard deviations are shown in parentheses. Each subject's household income was categorized into one of eight brackets (1 = under $10,000; 2 = $10,000-$24,999; 3 = $25,000-$39,999; 4 = $40,000-$54,999; 5 = $55,000-$69,999; 6 = $70,000-$84,999; 7 = $85,000-$100,000; 8 = over $100,000). Employment is reported as the percentage of people in each group who were employed outside the home at the time of the experiment. Within each column, values with different subscripts are significantly different (p < .05).
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